Background: There is conflicting information regarding the effects of selective and nonselective beta-blocker treatment in patients with COPD. Participants and methods: This nested case-control study used the Taiwan National Health Insurance Research Database. We included COPD patients who used inhalation steroid and beta-blockers between 1998 and 2010. From this cohort, there were 16,067 patients with severe exacerbations included in the analysis and 55,970 controls matched on age, sex, COPD diagnosis year, and beta-blockers treatment duration by risk set sampling. Results: For the selective beta-blocker users, the current users had a lower risk of severe exacerbations than the nonusers (odds ratio [OR], 0.90; 95% confidence interval [CI], 0.85-0.96). In contrast, for the nonselective beta-blocker users, the current users had a higher risk of severe acute exacerbations than the nonusers (OR, 1.21; 95% CI, 1.14-1.27). A higher risk of severe exacerbation during increasing mean daily dose or within about the initial 300 days was found in nonselective beta-blockers, but not in selective beta-blockers. One selective beta-blocker, betaxolol, had a significantly lower risk of severe exacerbations (OR, 0.75; 95% CI, 0.60-0.95). Two nonselective beta-blockers (labetalol and propranolol) were associated with a significantly higher risk of exacerbations (OR, 1.49; 95% CI, 1.32-1.67 for labetalol; OR, 1.16; 95% CI, 1.10-1.23 for propranolol). Conclusion: Selective beta-blockers can be cautiously prescribed for patients with COPD and cardiovascular disease (CVD), however, nonselective beta-blockers should not be prescribed for patients with COPD. Betaxolol may be the preferred choice of suitable selective beta-blocker for patients with COPD, however, labetalol and propranolol should be avoided for patients with COPD.
Introduction
COPD and cardiovascular disease (CVD) commonly coexist, and tobacco smoking is a major risk factor for both. [1] [2] [3] [4] In addition, the presence of one can affect outcomes of the other. Beta-blockers have been shown to reduce the mortality rate in patients with myocardial infarction, 5, 6 ischemic heart disease, 7, 8 and congestive heart failure, 9 and they are one of the most prescribed classes of cardiovascular medications. Patients with stage 3 and 4 COPD have a higher risk of severe COPD exacerbations. 10 However, whether or not beta-blockers should be prescribed for patients with COPD is uncertain, mainly because of concerns that they might induce bronchospasm and worsen lung function. 11 Despite these concerns, there is emerging evidence that beta-blockers may be beneficial in patients with COPD. [12] [13] [14] [15] One recent meta-analysis enrolling 15 original
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huang et al observational cohort studies 16 showed that beta-blocker treatment could reduce the risk of mortality and exacerbations of COPD. According to the recommendations of the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guideline, treatment with selective beta-blockers is considered to be safe for patients with COPD and coexisting CVD. 17 Therefore, the primary aim of this study was to investigate the effects of selective and nonselective beta-blocker treatment in patients with COPD on the risk of COPD severe exacerbation.
Methods
Data source
The Taiwan National Health Insurance Research Database (NHIRD) contains data from the national insurance program, including outpatient visits, hospital admissions, prescriptions, interventional procedures, and disease profiles of .99% of the population in Taiwan (23.12 million in 2009). It is one of the largest and most comprehensive databases in the world, and it has been used extensively in various studies investigating prescriptions, diagnoses, and hospitalizations. In addition, the National Health Research Institutes (NHRI) constructed a longitudinal database based on data from the NHIRD for patients diagnosed with heart or lung disease from 1997 to 2011. 18 The study protocol was approved by the Institutional Review Board of Cardinal Tien Hospital and School of Medicine, Fu-Jen Catholic University.
study design
We used a population-based nested case-control design in this study. All patient records with International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes for COPD (491, 492, and 496) in the NHIRD from 1998 to 2010 were retrieved. Patients were included in this study if they had at least one hospital admission for COPD or three or more outpatient visits for COPD within 365 days. In total, 673,676 patients with COPD were selected ( Figure S1 ). We then selected the patients with lung function tests within 1 year before or after the diagnosis of COPD and excluded those who had no further diagnoses of COPD after the lung function tests. We included the patients who had ever used both inhaled steroids as the severe or very severe group of COPD patients and beta-blockers (either selective or nonselective beta-blockers) who were aged between 40 and 100 years. Nonselective beta-blockers (ATC code C07AA) and selective beta-blockers (ATC code C07AB) dispensed before the index date were identified from NHIRD, and drug exposure was defined by having a drug prescription for at least 7 days. Severe exacerbations of COPD were defined as COPD-related hospitalizations or emergency visits. Exacerbations that occurred within 14 days were defined as a single event. The included patients were monitored until the first severe COPD exacerbation after entry to the study, death, or until December 31, 2011. All the patients were prospectively followed for at least 1 year after entry to the study.
Patients with severe exacerbations of COPD and the controls
In total, 27,799 patients with COPD used both inhaled corticosteroids and beta-blockers after the diagnosis of COPD. Of these patients, 16,067 had severe exacerbations and were included in the analysis, along with 55,970 controls matched by age, sex, year of the diagnosis of COPD, and duration of beta-blocker treatment by risk set sampling. The controls were randomly selected from a matched risk set for each case. The risk set consisted of all non-cases in the nested cohort at risk of becoming a case at the time a patient with a severe exacerbation became a case. According to this definition, a person who became a case at a later date was eligible to be a control for another case at a person-time prior to the date of the severe exacerbation event. 19 
statistical analysis
Conditional logistic regression analysis was used to estimate the crude and adjusted odds ratios (ORs) and 95% confidence intervals (CIs) to examine the associations between the use of beta-blockers and the risk of acute exacerbations. We divided the patients into current users (at least one prescription in the 60 days before the event date) and past users (at least one prescription in the year before the event date but no prescription in the 60 days before the event date) and used nonusers as the reference. The occurrence of severe acute exacerbations was calculated according to the mean daily dose and duration (days) of nonselective and selective beta-blockers using conditional logistic regression analysis. Potential dose and duration responses were explored using generalized additive models (GAMs). A two-sided P-value of ,0.05 was considered to be statistically significant.
Results
Between 1998 and 2010, a total of 673,676 patients were diagnosed with COPD from the NHIRD. We excluded 505,849 patients without pulmonary function tests and 8,678 patients without a diagnosis of COPD after the lung function tests, leaving 156,149 patients with a first diagnosis of COPD from 1998 to 2010. Of these patients, 29,048 had used both inhaled corticosteroids and beta-blockers after the 
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severe exacerbations in COPD with ICs and beta-blockers diagnosis of COPD. We excluded 1,204 patients aged ,40 or .100 years and 45 patients without complete demographic data. Among the remaining 27,799 patients, 16,067 had severe exacerbations and were enrolled as the case group, and they matched to 55,970 control subjects selected from the cohort of patients with COPD who used inhaled corticosteroids and beta-blockers by risk set sampling ( Figure S1 ).
The case group was older; had more underlying comorbidities, including osteoporosis, diabetes mellitus, cancer, asthma, depression, anxiety, chronic liver disease, renal failure, heart failure, cardiac arrhythmia, acute myocardial infarction, stroke, and ischemic heart disease; and higher Charlson comorbidity index score than the control group ( Table 1 ). The case group had higher rates of exacerbations, hospitalizations for COPD, and emergency department visits. In addition, the case group used more oral steroids and antibiotics than the control group. Table 2 summarizes the associations between the use of selective and nonselective beta-blockers and the risk of severe exacerbations among the patients with COPD. For the selective beta-blocker users, the current users had a lower risk of severe exacerbations than the nonusers (OR, 0.90; 95% CI, 0.85-0.96), but this was not observed with the past users (OR, 0.98; 95% CI, 0.92-1.04). In contrast, for the nonselective beta-blocker users, the current users had a higher risk of severe exacerbations than the nonusers (OR, 1.21; 95% CI, 1.14-1.27); however, again this effect was not observed in the past users (OR, 1.03; 95% CI, 0.98-1.09). Table 3 shows the risks of severe exacerbations among the patients with COPD according to the type of beta-blocker used. Among the five selective beta-blockers, only betaxolol had a significantly lower risk of severe exacerbations (OR, 0.75; 95% CI, 0.60-0.95). For the other four selective beta-blockers (acebutolol, atenolol, bisoprolol, and metoprolol), lower risks of exacerbation were observed (ORs ranging from 0.85 to 0.97), although they did not reach statistical significance. In contrast, two nonselective betablockers (labetalol and propranolol) were associated with a significantly higher risk of exacerbations (OR, 1.49; 95% CI, 1.32-1.67 for labetalol; OR, 1.16; 95% CI, 1.10-1.23 for propranolol). Figure S2 shows the relationships between mean daily dose of nonselective and selective beta-blockers and the occurrence of severe exacerbations. A higher risk of severe exacerbations with a higher mean daily dose was found with the nonselective beta-blockers, but not with the selective beta-blockers. Figure S3 presents the relationships between the duration of nonselective and selective beta-blocker use and the occurrence of severe exacerbation. A higher risk of severe exacerbations was found with nonselective betablockers within approximately the first 300 days, but this was not observed with selective beta-blockers. Figures S2 and S3 show that nonselective beta-blockers caused more severe exacerbations in a dose-and duration-dependent manner.
In subgroup analysis, a higher risk of severe exacerbations was noted in the nonselective beta-blocker users in each subgroup, except for those with atrial fibrillation ( Figure 1A) . Among the selective beta-blocker users, there was no significant reduced risk of severe exacerbations in any of the subgroups, except for the patients with atrial fibrillation ( Figure 1B) . The trend was not obvious only in the patients with atrial fibrillation, but this may have been due to the small number of cases.
Discussion
In this study, the patients with COPD who received selective beta-blockers had a lower risk of severe exacerbations, 
2990
huang et al especially the current users. In contrast, the patients with COPD who used nonselective beta-blockers had a higher risk of severe exacerbations in a dose-and duration-dependent manner. Similar trends were also noted in subgroup analysis. Our findings are consistent with previous meta-analyses. 20, 21 Ni et al 20 analyzed five randomized, placebo-controlled, blinded trials and found that the forced expiratory volume in 1 second (FEV 1 ) decreased by 0.14 L in the patients who used nonselective beta-blockers and by 0.03 L in those who used selective beta-blockers. Moreover, the responsiveness of FEV 1 to beta-agonists was reduced by 13.42% after the use of nonselective beta-blockers, but no significant change was noted after using selective beta-blockers. Similar results were reported in another meta-analysis, 21 in which selective beta-blockers, used in a single dose or for a longer duration, did not change FEV 1 or respiratory symptoms compared to a placebo and had no effect on the FEV 1 response to beta2-agonists. Therefore, our findings and previous reports suggest that the use of selective beta-blockers does not result in adverse respiratory effects among patients with COPD and that selective beta-blockers can be cautiously prescribed for patients with COPD and CVD. In contrast, nonselective beta-blockers should not be prescribed for patients with COPD due to their negative impact on physiological and clinical conditions. In this study, betaxolol was the most effective selective beta-blocker in reducing the risk of severe exacerbations in the patients with COPD with the lowest OR of 0.75 Table 2 Crude and adjusted rate ratios of severe ae associated with current use, dose, and past use of beta-blockers at least one prescription in the year before the event date, but no prescription in the 60 days before the event date. Abbreviations: AE, adverse event; OR, odds ratio; CI, confidence interval; DM, diabetes mellitus. 
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severe exacerbations in COPD with ICs and beta-blockers (95% CI, 0.60-0.95). This could be explained by previous reports, 22, 23 in that betaxolol is considered to be highly cardioselective and less likely than other beta1-selective blockers to cause pulmonary adverse effects. In a physiological study, 23 no significant changes were noted in terms of forced vital capacity (FVC) or FEV 1 , and the FEV 1 /FVC ratio was 3.19±0.91 L compared to 3.23±0.89 L after 2 weeks of betaxolol therapy in patients with COPD. This suggests that betaxolol may be the most suitable selective beta-blocker for patients with COPD. However, further large-scale studies are warranted to confirm this hypothesis.
For nonselective blockers, we found that labetalol and propranolol were significantly associated with a higher risk of severe exacerbations in the patients with COPD. This could be because labetalol can significantly reduce both FEV 1 and FVC 24 and propranolol can reduce FEV 1 and the bronchodilating effect of formoterol, thereby increasing airway hyperresponsiveness. 25 All of these changes would cause detrimental effects in patients with COPD. Based on the current evidence, these two agents should not be prescribed to patients with COPD.
The major strength of this study is that it is a nationwide population-based cross-sectional study including almost all patients with COPD in Taiwan. In addition, to improve the accuracy of the diagnosis of COPD, only patients who received pulmonary function tests within 1 year of receiving a diagnosis of COPD were enrolled. Finally, we used GAMs to study the relationships between the mean daily dose of beta-blockers and the occurrence of severe exacerbations. By using GAMs, we could calculate the duration that the patients actually used beta-blockers during the follow-up period instead of conventional methods, which may overestimate the duration of taking medication, and therefore, we could accurately evaluate the impact of the accumulated dosage of beta-blockers that the patients really took. Therefore, our results should be representative of the status of patients with COPD in Taiwan who are treated with beta-blockers.
There are also several limitations to this study. First, we did not have detailed data on pulmonary function test results or quality of life assessments. Therefore, we could not evaluate the severity of COPD or determine whether every patient received appropriate COPD treatment according to 
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huang et al the recommended guidelines. However, we only enrolled patients with COPD who received inhaled corticosteroids in our analysis, and this specific group had severe or very severe COPD. Second, we did not exclude the patients with concurrent asthma, who tend to not tolerate beta-blockers as COPD patients. Finally, this study was not a randomized controlled study. Nonetheless, our findings are derived from real-world data and are more likely to be reflective of common clinical practice.
Conclusion
Selective beta-blockers can be cautiously prescribed for patients with COPD and CVD; however, nonselective betablockers should not be prescribed for patients with COPD. Betaxolol may be the preferred choice of suitable selective beta-blocker for patients with COPD, however, labetalol and propranolol should be avoided for patients with COPD.
